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I.  INTRODUCTION

The purpose of the current research project is to determine the effects of both antioxidants
and environmental enrichment on age-dependent cognitive decline in a 3-year longitudinal
design using beagle dogs. Dogs have undergone baseline screening of cognitive function and a
general health evaluation including clinical pathology and physical examinations. Magnetic
 resonance scans (MRs) are being used to obtain in vivo measures of brain and cerebrovascular
function. Each dog is in one of four treatment groups, which are counterbalanced with respect to
baseline cognitive ability, sex and age: 1) control 2) environmental enrichment 3) dietary
enrichment and 4) combined dietary and environmental enrichment. A broad spectrum of
antioxidants is being added for dietary enrichment using a specially formulated geriatric canine
diet. The environmental enrichment condition consists of additional cognitive experience,
enriched sensory environment and physical exercise. Cognitive function, physical health and
brain MRs are being monitored annually to establish ongoing effects of the treatment. At the end
of the study, detailed histological analysis of brain tissue and biochemical measures will be
correlated with cognitive function and MR measures of brain atrophy and cerebrovascular
function to establish the effectiveness of the treatments on delaying or preventing the

development of age-dependent neuropathologies.

II. BODY OF THE REPORT
In Year 3, we proposed to have completed the second year of dietary and environmental
enrichment in the study and to have begun the second treatment year’s annual re-evaluation of

cognitive ability in all the dogs.

A.  Study Status
Twenty-four dogs from Lovelace Biomedical and Environmental Research Institute

(LBERI) ranging in age from 9.3—13.8 years were placed into the study in October 1998 and are
supported by the current grant. A second group of 24 beagles ranging in age from 9.5-12.9 years
from Hill’s Pet Nutrition was added to the study in February 1999 and are supported by Hill’s
Pet Nutrition. Dogs provided by Hill’s are part of a survival study and will continue being fed
the antioxidant diet until age-related health issues require euthanasia. All dogs are beagles. The
current age of individual animals at the time of submitting this progress report is listed in
Appendix A, which also provides the length of time individual animals have been on the

treatment protocol.



Dogs on the antioxidant-enriched diet are still on study as originally planned. The
intervention (either diet or environmental) was started in the LBERI animals between July and
October 1999 with animals introduced progressively into the study to distribute the workload of
cognitive testing. Hill’s dogs were started on treatment between January and February 2000.
Dogs in the environmental enrichment group have received additional learning experience on an
oddity and landmark discrimination task. In addition, as per the study plan, animals in the
environmental enrichment treatment groups are walked outdoors twice a week, 20 minutes each
time. Last, environmentally enriched dogs are housed in pairs and provided with play toys that

are rotated through the kennels at weekly intervals.

Table 1 summarizes each treatment group and all cognitive tasks completed or in
progress for each treatment group. Dogs in the environmental enrichment condition have
provided the most cognitive data since they are tested continuously; most of these data were
presented in the previous progress report. Dogs in the control condition do not receive additional

learning experience and thus, the annual evaluations are the major source of cognitive data.

Table 1. Cognitive Tasks Completed or Ongoing in Each Treatment Group

Environment
Control Enriched

Diet Control size discrimination, size landmark discrimination, oddity learning,
reversal, spatial memory,  landmark retention, size discrimination,
and object recognition size reversal, spatial memory, and object
memory recognition memory

Diet  Antioxidant size discrimination, size landmark discrimination, oddity learning,
reversal, spatial memory,  landmark retention, size discrimination,
and object recognition size reversal, spatial memory, and object
memory recognition memory

Cognitive data from all animals were not available at the time of the last report
because animals were still completing their testing for the first annual re-evaluation; thus, the
effects of environmental enrichment could not be presented. In this report, we provide the first
evidence based upon an evaluation of all animals in the study (not just those within the

environmental enrichment groups) and provide comparisons between each of the four treatment

groups.




B.  Health Status

Medical evaluations of the dogs have been completed through Year 2 of the study for
the LBERI dogs and through 1.5 years for the Hill’s Pet Nutrition dogs. These evaluations have
included physical examinations, blood samples for clinical chemistry, and blood cell counts at
baseline and every 6 months on study. Urinalysis has been done during baseline and at 1 year
for all dogs and at 2 years for the LBERI dogs. Three dogs have died. Dog 1492B died on
24 November 1999 from liver degeneration and chronic pancreatitis with atrophy. He was in the
environmental enrichment/control diet group and was started on study 15 July 1999,
approximately 3 months into the study. The second dog, D058 died on 3 October 2000 from a
hemangiosarcoma of the spleen with metastasis to the liver. He was in the enriched
environment/antioxidant diet group and was on study for 8 months. The third dog was 1508U.
She died on 26 July 2001 from chronic right ventricular heart failure. She was in the
control/control group, was started on study 16 July 1999, and was on the study for approximately

2 years.

Some dogs have been treated for medical problems, mostly minor. Three dogs had
mammary tumors removed surgically, three had lower urinary tract infections, two had abscessed
teeth, and one each had acute back pain, gastroenteritis, acute pancreatitis, surgically removed
skin tumor, and surgically removed limbal melanoma of the eye. As these dogs continue to age,

we anticipate that additional medical problems will occur over the next year.

C.  Size Discrimination and Reversal Learning are Improved in Animals Receiving
Environmental Enrichment and a Diet Rich in Antioxidants.

All dogs from all treatment groups from LBERI (n = 21) and Hill's (n = 23) have
completed the first year’s re-evaluation. Dogs were first given a series of new learning tasks
called size discrimination and reversal learning, which were selected because of our previous
work indicating that these tasks are age-dependent and sensitive to AP neuropathology [1]. We
also tested a group of young dogs, which were provided with environmental enrichment, on the
same tasks. Size discrimination involves presenting animals with three identical red wooden
blocks, a single block on one side and the remaining two blocks stacked upon each other. Dogs
are required to select either the smaller or larger stimulus. After reaching criterion on the size
discrimination task, the reward contingencies are reversed, and animals must select the object

that was previously incorrect.



On the initial size discrimination task, we found a significant effect of diet and

environmental enrichment (Figure 1).

On the reversal learning task, we again found a significant interaction between diet

and enrichment (Figure 2).
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These treatment effects reflect superior performance of the animals on the
antioxidant diet over all other groups. The results indicate that dietary intervention using
antioxidants can either delay or partially reverse the effects of age on cognition in beagle dogs.

Furthermore, providing cognitive experience can potentiate these effects.

D. Landmark Long-Term Retention is Unaffected by Treatment Condition: A
Dissociation Between Learning and Long-Term Memory

Dogs that were in the environmental enrichment treatment groups were retested for
landmark discrimination learning prior to evaluation on the size and size reversal tasks. This
includes half of the animals in the study with the second half of the dogs not tested on this
problem. In our previous progress report, we described significant improvements in landmark
discrimination learning, a measure of spatial attention, in the antioxidant diet group relative to

8



controls (n =12 LBERI and n = 12 Hill's for a total of n =24). After a period of 11-14 months,
dogs that could learn the original problem (n = 12 Hill's dogs and n = 11 LBERI dogs for a total

of n =23 with 11 receiving the
20

antioxidant diet) were retested for a
maximum of 6 days to reach 181

criterion as a measure of long-term
16 1

memory ability. There was a trend

toward lower error scores in dogs 141

administered the antioxidant diet, o

but a t-test did not reveal statistical

Landmark Retention (Errors)

significance (t(21)<1 p=n.s.) 107

(Figure 3). Although the diet . -
significantly improved learning " Co1r'12trol Amiotidam

ability on the landmark task (data Diet Condition

presented in previous report), no Figure 3. A trend toward improved long-term retention on a

test of visual attention was observed in dogs provided with the
antioxidant diet. The group differences did not reach statistical
observed for long-term memory. significance. Error bars = standard error of the mean.

significant improvements were

E.  Animals Provided with an Enriched Environment and Antioxidant Diet Display Mild
Improvements in Spatial Memory

Spatial memory testing was included in the study design because of our previous
studies indicating that this form of memory is sensitive to age in canines [2, 3]. Spatial memory
testing in the current study uses a three-choice procedure. Dogs are first shown a single object
covering a food reward in one of three recessed food wells (Left, Right, Center). After a delay
period of 10 seconds, dogs are shown two identical objects, one of which covers the same well as
in the previous presentation and the other covers a new location. The correct response is to
select the object covering the well not seen previously (nonmatching procedure). Animals were
given a maximum of 600 trials to learn the task during baseline testing, and during Year 1
re-evaluation were retested for another 600 trials to measure long-term memory. In both
baseline and Year 1 testing, dogs that could meet criterion levels of responding were
subsequently tested on a maximal memory procedure involving an additional 50 days of testing
with delay intervals increasing as criterion was met on a shorter delay. For example, dogs were

first tested until they reached criterion with a 10-second delay. Subsequently they were tested
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with a 20-second delay and then a 30-second delay until a maximum of 500 trials were

completed.

During baseline training, no significant differences were noted across the treatment
groups prior to the start of intervention. At the 1-year evaluation, there were no significant
effects of diet or age among the aged dogs. Eight of 48 dogs achieved the initial stage of
learning during baseline. Of these dogs, three were in the control group and five in the
antioxidant group. In the Year 1 retest, 15 dogs reached the criterion: (a) enriched antioxidant =
4; (b) control antioxidant = 3; (c) enriched control = 4; and (d) control — control = 4. Animals in
the enriched/antioxidant group (Mean = 179.5 errors) on average obtained the lowest error scores
when relearning the spatial memory task after a 1-year interval in comparison to the
control/control (Mean = 195.7), control/antioxidant (Mean = 220) and the enriched/control group
(Mean = 187.4). In addition, animals that could reach criterion levels of responding during the
learning phase and had subsequently been tested for maximal memory also showed a trend
toward improved memory in the enriched/antioxidant (Mean = 47.5 seconds) group with the

control/control group (Mean = 17.5 seconds) showing the poorest memory ability.

The three-choice spatial memory task proved to be quite difficult for the old animals
to learn, so we are adding a simpler two-choice task at the end of the Year-2 evaluation to allow
more animals to learn the nonmatching procedure. The rationale was to train as many animals as
possible during the learning phase in order to increase the number of aged animals from whom
we could subsequently obtain memory scores during the longer delay interval procedures. At
this time, we will have one time point measure for the simpler spatial memory task where group
comparisons can be made, but no longitudinal measures will be possible unless the study is

extended to include another full annual evaluation.

F.  Rapid Declines in Object Recognition Memory in a 1-Year Interval are Reduced in
Animals Receiving Environmental Enrichment with an Antioxidant Diet

Object recognition memory is another task that is sensitive to age in dogs [4, 5].
Object recognition memory involves presenting dogs initially with a single object covering a
food reward hidden in the center food well. After a 10-second delay, dogs are shown two
different objects, one of which is the same as seen previously. The correct response is to select
the novel object (nonmatching procedure). At baseline, dogs were trained on this task for a

maximum of 600 trials. Animals that could reach criterion levels of responding were

10



subsequently tested with longer delays in a maximal memory procedure until a maximum of 50
days had been completed. The maximum delay interval on which individual animals reached
criterion was the assigned memory score. Dogs were retested for object recognition memory at
the Year-1 evaluation, which involved an additional maximum of 60 days to reach the criterion
again. As with the baseline procedure, dogs that could reach criterion during this relearning

phase were subsequently tested for maximal memory.

The data have been analyzed for the LBERI dogs with test scores from the Hill’s
dogs currently being summarized. Thus, the data presented here are only for the LBERI dogs.
Twenty-three animals completed baseline testing, and 22 completed the Year-1 evaluation. All
but two animals obtained higher error scores during the Year-1 retest than at baseline (one
slightly improved, and the other showed no change) suggesting a rapid decline in object
recognition memory. However, not all groups were affected equally. Animals in the
control/control group showed increases in average error score from baseline to Year 1 of 108.5
errors. The enriched/antioxidant group showed the smallest increase in error scores at 68.5. The
control/antioxidant group showed decreases on average of 78.17 errors. Interestingly, the
animals receiving only the environmental enrichment showed the largest losses of an average of
140.4 errors. It will be important to replicate these results with data from the Hill’s dogs to

determine whether these treatment effects are consistent.

G. Open Field Activity Remains Relatively Unaffected by Treatment Condition
Year-1.5 evaluations obtained from LBERI beagles are currently being analyzed.
Data evaluations from the open field test, the human interaction test and the curiosity test have
been completed. The curiosity test is used as a measure of exploratory behavior, and evidence
indicates that treatment with antioxidants reduces exploratory behavior in female rats [6]. Dogs
are placed in a room either alone with a nonresponsiile person or with dog toys and are observed

for 10 minutes.

A significant overall decrease in the amount of time spent playing with objects
present within the test room during curiosity testing was observed from baseline to the Year-1
and -1.5 evaluations [ F(2, 38) = 6.39, p =.004 ]. The largest decrease was in the
enriched/antioxidant group, with the enriched/control and control/control groups showing

smaller declines, while the levels of the control/antioxidant group remained unchanged. No
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other measures of spontaneous behavior were significantly affected, and treatment effects are

summarized in Table 2.

Table 2. Changes in Open Field, Human Interaction and Curiosity Testing as a Function

of Treatment Group after 1 Year of Intervention.

Open Field Human Interaction Curiosity Test

LBERI  Locomotion Contact Near Contact Sniffing
Con/Con no difference  no difference no difference ~ small decrease  no difference
Con/Aox no difference no difference  no difference no difference  no difference
Enr/Con  no difference no difference  no difference small decrease  no difference
Enr/Aox no difference no difference  no difference decrease no difference
HILL'S Locomotion Contact Near Contact Sniffing
Con/Con decrease no difference  no difference no difference  no difference
Con/Aox decrease no difference  no difference no difference  no difference
Enr/Con decrease no difference  no difference no difference  no difference
Enr/Aox decrease no difference  no difference no difference no difference

Data from the human interaction, curiosity and open field tests are complete for the
Hill's dogs. The only significant finding among this group of dogs was a decrease in locomotion
in the open field test from baseline to the 6-month evaluation point [ F(1, 20) =28.02,p =
.000035 ]. Locomotor activity decreased in all four treatment groups indicating the effect was

not a result of treatment conditions.

H. Blood Biochemistry and Blood Coagulation Studies Suggest No Adverse
Consequences of Long-Term Dietary Intervention

In general, all animals had blood biochemistry values within normal limits. The
samples obtained at the 1.5-year time point (24 LBERI dogs) and at the 1-year timepoint (47
LBERI and Hill's dogs) measures were not significantly different from baseline values. One dog
(1494D) had a fairly low albumin at 1.5 years and will be monitored for signs of ascites/heart
disease/protein-losing enteropathy/glomerulopathy. Raw data obtained from samples to date are

provided in Appendix B.

As shown in Figure 4, coagulation profiles were obtained after 1 year on intervention

to assess the effects of supplemented antioxidants and mitochondrial cofactors on coagulation.
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This was done for two reasons. Intakes of vitamin E in extreme excess have been reported to

decrease coagulation time and predispose animals to bleeding disorders [7]. Second, this appears
to be a problem only when an antagonistic factor to vitamin K is present such as warfarin [8]. As
such, we examined the coagulation profiles of older dogs in the study after 1 year of intervention.

Significant differences were

, 500
present between the antioxidant- I
fed d the control e
i S FIB
ed group and the control group, 0 400 .
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normal ranges. Interestingly, the 5 300 1

®
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o 200 1
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This would argue that the Treatment Groun
relatively higher doses of vitamin Figure 4. Blood coagulation measures are significantly

) improved in dogs fed the antioxidant diet, but all measures fall

E in the test food had no adverse within the normal range. Levels of PT, FIB, and PLAT, but not

in APTT, were reduced significantly. Error bars = standard error
of the mean. PT = prothrombine time; FIB = fibrinogen; PLAT =
dogs as evidenced by these platelets; APTT = activated partial prothrombine time.

effects on clotting parameters in

measurcs.

L Vitamin E Levels Remain High in Dogs Provided with the Antioxidant Diet
Vitamin E measures are available from dogs in the study for four timepoints
including baseline, 3 months, 6 months and 1 year following the start of intervention. All
treatment groups were similar at baseline. At 3 months (F(3,45) = 16.4 p<.0001), 6 months
(F(3,44) = 21.56 p<.0001) and 1 year (F(3,44) = 26.26 p<.0001), the animals provided with the

antioxidant diet showed significant increases in serum levels of vitamin E (Figure 5).
J.  Lipid Peroxidation in Plasma Samples is Increased in the Environmental Enrichment
Animals but Remains Unaffected in Animals Provided with the Antioxidant Diet
We have obtained peripheral measures of oxidative damage to lipids by measuring

malondialdehyde (MDA), a lipid peroxidation marker, in plasma samples. MDA was converted

into a stable derivative using pentafluorophenyl hydrazine at room temperature, and the
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derivative was detected using gas chromatography-mass spectrometry (GC-MS) in the negative
chemical ionization mode [9]. Plasma measures of MDA were obtained in collaboration with

Dr. Jiankang Liu at

70
University of California, ———
= 60 3 Months
Berkeley (UC-Berkeley). E 6 Months |
IS B=R 1 Year 7
— 50 - 7 Z
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> 7z Z Z
. < o Z Z %
MDA levels measured using g 2 . ’
: ; S 1o - 7 7 ~
serum and brain obtained % % 2
Z Z Z
: 2 1: 1 AL
from archived samples. 0 e “ .
Control¥ControlEnriched/Control Controlidox  Enriched/Aox
However, MDA levels in Treatment Group
plasma from the longitudinal Figure 5. Vitamin E levels are significantly elevated in dogs
receiving the antioxidant diet. Baseline levels were not different
study animals were between each treatment group. Aox = antioxidant. Error bars =

significantly lower than those standard error of the mean.

measured in the archived serum samples. As with serum measures, plasma measures of MDA
were also significantly higher in aged dogs relative to young dogs (t(54) = 2.25 p<.029). An
analysis of variance did not reveal overall treatment effects, but there was a trend for dogs in the
environmental enrichment group to exhibit higher MDA levels. In a separate analysis, a t-test
revealed that dogs in the environmental enrichment group had significantly higher levels of
MDA than control dogs (t(45) = 2.02 p<.049) (Figure 6, left). A direct comparison of the
antioxidant diet group to the control diet group did not show any significant changes; however,

there was a trend toward lower MDA levels in the group fed the antioxidant diet (Figure 6,

right).

K. Plasma A Levels Do not Differentiate Treatment Groups
In collaboration with Dr. Paul Murphy at the Mayo Clinic in Jacksonville, Florida,
we have obtained measures of AB42 and AB40 from plasma using sandwich enyzme-linked
immunosorbant assays (ELISAs). No significant differences in plasma measures of Af were
found as a function of treatment group. This suggests that peripheral Af levels remain

unaffected by either diet or environmental enrichment.
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Figure 6. Animals in the environmental enrichment group show a trend toward higher plasma
levels of malondialdehyde (MDA), a measure of lipid oxidative damage (left graph). In contrast,
the animals on the antioxidant diet show a trend toward decreased lipid oxidative damage
compared to dogs on the control diet (right graph). Error bars = standard etror of the mean.

L. New Endpoint Measures of Protein Oxidation, Endogeneous Antioxidants and RNA
Oxidation are Sensitive to Age in Archived Brain Tissue Samples.

A submitted manuscript reports results from studies in archived tissues analyzing the

levels of protein oxidation in prefrontal cortex measured through carbonyl formation [10] and

glutamine synthetase activity [11,
12]. These studies were
conducted in collaboration with
Dr. Jiankang Liu (UC-Berkeley).
The extent of protein carbonyl
formation increased as a function
of age in canines but also showed
increasing individual variability
in older animals (F(1,18) = 8.98
p<.008). The most pronounced
increases in individual variability

occurred after 8 years of age

(Figure 7).

3.2

3.0 q

Carbonyl Formation (mmol/mg protein)

Age at Death

Figure 7. Carbonyl formation, a measure of protein oxidative
damage, increases as a function of age in archived samples of
canine brain. Note the increasing individual variability after
the age of 9 years.
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In parallel with
increased oxidative damage to
proteins, glutamine synthetase
activity decreased progressively
with age (F(1,18) = 15.61 p<.001)
indicating oxidative damage that
interferes with enzyme function

as shown in Figure 8.

In a series of
collaborative studies with
Dr. Tory Hagan, Linus Pauling
Institute, Oregon State University,
we have obtained measures of the
endogenous antioxidant
glutathione (GSH) and its
oxidatively reduced form GSSG
in archived prefrontal cortex
samples [13]. The antioxidant
GSH was reduced in aged animals
(F(1,17)=7.13 p<.016)
(Figure 9), but GSSG was not
(F(1,17)<1 p=n.s.). The ratio of
oxidized GSH to total GSH
showed significant age-dependent

increases (r = .519 p<.023).

At the University of
California, Irvine, we have also
obtained preliminary data from a

new commercial antibody that

120

Glutamine Synthetase Activity (units/mg protein)

20

4 6 8 10 12 14 16
Age at Death

Figure 8. Enzyme dysfunction increases as a function of age
with signficant reductions in glutamine synthetase (an astrocyte
enzyme necessary for glutamate turnover in neurons) activity
in archived samples of canine brain.
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Figure 9. Endogenous antioxidant glutathione levels
progressively decrease with age in archived samples of
canine brain.

detects oxidatively modified nucleotides [14]. To determine whether 8oxodG labeled oxidative

damage to DNA or to RNA, a series of control studies were conducted. First, sections were
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pretreated with DNAse I to prevent
anti-80xodG from binding DNA,
and the extent of 8oxodG remained
high. On the other hand, when
sections were pretreated with
RNAse I, a significant reduction of
80x0dG immunoreactivity
occurred. This suggests that
80x0dG immunoreactivity
predominantly reflects oxidative

damage to RNA (Figure 10).

The prefrontal cortex
of 21 dogs ranging in age from
0.5-17.8 years was used to
determine if 8oxodG was
associated with age and/or Ap.
A progressive increase in
80xodG immunoreactivity was
observed with age (F(1,18) =
6.86 p<.017, r* = 0.28) as shown
in Figure 11.

The correlation
between the extent of 8oxodG and
AP was not significant (r = .22
n =20 p =n.s.). However, this
may reflect the earlier rise in
oxidative damage to RNA during
middle age (5-10 years) prior to
extensive AP accumulation (10

years +) as shown in Figure 12.

% s i R P,

Figure 10. Anti-80xodG is specific for oxidative damage to
RNA. A and D tissue samples were pretreated with RNAse
prior to incubation in the primary antibody. B and E illustrate
typical staining with the antibody. C and F illustrate that
pretreatment with DNAse does not significantly reduce
immunoreactivity. The inset on E illustrates the punctate
immunoreactivity observed with this antibody suggesting an
association between oxidized RNA and intracellular organelles.
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Figure 11. Oxidative damage to RNA increases as a function
of age in archived canine brain samples. Note that the
relationship between age and oxidative damage was a cubic
function suggesting an initial rapid climb in oxidative damage
followed by a plateau. In dogs over the age of 14 years, another
rapid rise in oxidative damage occurred.
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Figure 12. Oxidative damage to RNA precedes accumulation of AP during aging
in archived samples of prefrontal cortex. Error bars = standard error of the mean.

M. Blood-Brain-Barrier Function is Maintained in Aging Dogs Provided with the Diet
Rich in Antioxidants.

The MRI experiments were performed on a GE Signa 1.5 T scanner with a linear
head coil as described previously [15]. The dog was anesthetized by inhalation of Isoflurane
(1.5-2 %) through the experimental period. A set of 3D images across the whole brain were
acquired using a Spoiled Gradient Refocus Pulse Sequence (SPGR) to obtain the detailed
anatomic images. The volumes of cerebrum, lateral ventricle, hippocampus and cerebellum were
measured. Four slices from the frontal cortex, thalamus, hippocampus and cerebellum were
selected for the dynamic contrast enhancement study. A spin echo (SE) pulse sequence (with
repetition time/echo time [TR/TE] = 117/14 ms) was applied to acquire T1-weighted images
before and after injection of an MR contrast agent, gadopentetate dimeglumine (Gd-DTPA) (0.15
mmol/kg). The enhancement kinetics of Gd-DTPA were measured from the brain tissue by
manually drawing a region of interest to cover the brain tissue region. The signal enhancement

in the T1-weighted images was proportional to the concentration of the contrast agent in the
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tissue, which is dependent on the blood volume and the leakage of agents into the interstitial
brain tissue from the damaged blood-brain barrier (BBB). We used the early enhancement in the
enhancement kinetics (30-45 seconds) as the vascular volume (VV) parameter. The residual
enhancement at the tail of the curve (6.5-7.5 minutes) was used as the BBB permeability

indicator. Volumetric and vascular changes in each group of dogs were obtained and compared.

Three MR scanning timepoints have been collected that include the baseline
measures, Year 1 and Year 2. In the last progress report, we presented anatomical data that
described a significant increase in ventricular volume in all treatment groups but the group
receiving the combined treatment. Anatomical information is currently being obtained from
MRs for Year 2 and will take several more months to finalize. In the current progress report, we
will describe the results of the dynamic contrast enhanced MRI experiments that were used to
measure VV and BBB permeability. We predicted a decrease in VV during the longitudinal
study that may be reduced or slowed in the treatment groups. A decrease in VV is expected if
brain atrophy is occurring, and there is less blood flow to the brain. AP also accumulates around
blood vessels with age in the canine brain, and this may restrict the amount of blood flowing to
the brain. Our second hypothesis is that BBB permeability will increase with age, again due to

AP pathology associated with blood vessels except in the treatment groups.

A functional MR imaging (MRI) technique called "dynamic contrast enhanced MRI"
was used to study vascular function within specific brain regions. By monitoring the kinetics of
MR contrast agents in a defined brain region as it is carried in and washed out by the blood
stream, it is possible to derive measures of VV and permeability. Five brain slices that were
used to collect vascular function parameters include the prefrontal cortex (slice 1), the midbrain
at the level of the thalamus (slice 2), the midbrain at the level of the hippocampus (slice 3), the
occipital lobe (slice 4) and the cerebellum (slice 5). The rationale for selecting these brain
regions was that we expected the prefrontal cortex and the hippocampus to be most vulnerable to
aging based upon the extensive A deposition reported in these cortical regions. We also
expected that smaller or no age-dependent changes would occur in the occipital lobe, cerebellum

and in the midbrain at the level of the thalamus.

To measure longitudinal changes in VV and BBB permeability, we calculated the
percent of changes in each measure from baseline to compare the four treatment groups. Each

brain region was analyzed separately. A total of 24/24 LBERI dogs were imaged at baseline and

19




Year 1 with one dog unavailable at the Year-2 timepoint. Twenty of the 24 Hill's dogs were

given baseline MRs with one of these animals unavailable for the Year-2 scan. All Hill's dogs

were given the Year-1 MR scan. Thus, the data presented here are based upon 43 dogs at

baseline, 47 dogs at Year 1 and 45 dogs at Year 2.

Treatment condition was a significant factor in the development of age-associated

increases in BBB permeability from baseline to Year 1 (F(3,39) = 4.18 p<.012) and from

baseline to Year 2 (F(3,39) = 4.6 p<.008). In Year 1, these treatment effects were due to the

animals in the control/
control group exhibiting
significant increases in
BBB permeability
relative to the three
other treatment groups.
The combination
treatment group
(enriched/antioxidant)
exhibited the smallest
changes in BBB
permeability (Figure
13). The prefrontal
cortex exhibited similar
increases in BBB
permeability as a
function of treatment
group, but all the
groups showed much
larger increases in
permeability (Mean =
43.9% £ 6.93%) as
compared to the
hippocampal slice

ean =16.2% *+ 4. 0).
M 16.2% + 4.68%)

Hippocampus BBB Permeability (% Change)

Prefrontal BBB Permeability (% Change)
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Figure 13. Significant increases in BBB permeability were found in the
midbrain region containing the hippocampus of the control/control group
(upper graph) but not in the prefrontal cortex (lower graph). Note that the
prefrontal cortex overall showed significant increases in BBB leakage
(Mean = 43.98% from Baseline to Year 1 and Mean = 29.39% from
Baseline to Year 2). Error bars = standard error of the mean.
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However, BBB permeability in the prefrontal cortex showed only marginal treatment effects that
did not reach statistical significance. Similar trends in the data were also seen in the occipital
cortex and in the midbrain at the level of the thalamus, but no trends were apparent within the

cerebellum.

No systematic trends in the data were observed for VV in any treatment group in all
brain regions sampled. Almost all groups did not show significant reductions in VV with the
exception of a weak decrease in VV in the occipital cortex of control/control animals. This
observation may be interesting because the occipital cortex is vulnerable to A angiopathy in the
aged canine brain (E. Head, unpublished observations). VV changes may not become apparent

until the next year of the study.

III. KEY RESEARCH ACCOMPLISHMENTS FOR YEAR 3
° The second year of dietary and environmental enrichment has been completed
L Both the antioxidant diet and environmental enrichment improve associative learning and a

prefrontal-cortex sensitive reversal learning task. Further, the combination of both the

antioxidant diet and environmental enrichment is additive.

L Long-term memory for a landmark discrimination task appears to be relatively unaffected

by the treatment condition.

° Spatial memory remained relatively unaffected by treatment condition, and we propose to

introduce a simpler version of the task to provide more data.

® Object recognition rapidly declined over a 1-year period with the combined treatment

group showing a nonsignificant slowing in this trend.

L Open field activity, which is a measure of spontaneous behavior, does not show any

adverse effects of the diet.

L Vitamin E measures obtained at 1 year into the study verify that the diet rich in
antioxidants is maintaining higher vitamin E levels in the treatment groups than in the

control groups.
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®  Blood biochemistry and health examinations indicate no adverse effects of the diet. The
antioxidant diet is improving measures of blood coagulation, but all levels remain with

normal range.
° Only two of 24 LBERI dogs have been euthanized or died due to age-related health issues.

L Plasma measures of lipid oxidative damage (malondialdehdye) indicate that environmental
enrichment is associated with higher levels of oxidative damage, and that the antioxidant
diet does not affect oxidative damage. The combination group is not significant from

controls.
L Peripheral measures of AB do not vary as a function of treatment condition.

L Studies using archived tissue samples indicate that two measures of protein oxidative
damage (glutamine synthetase and protein carbonyl formation) increase with age and will

be useful endpoint markers for the current study.

L The levels of endogenous antioxidant, glutathione, also decrease with age in archived

tissue samples and will be used as another endpoint marker for the current study.

° The extent of oxidative damage to nucleic acids rises with age prior to significant
accumulation of AP pathology providing further evidence that oxidative damage is an early

event in the development of age-associated neuropathology in canines.

° Dynamic contrast enhanced MRI studies reveal that dogs in the control/control groups are
showing evidence of increased BBB permeability. In contrast, dogs in the treatment
groups and in particular in the combined treatment group are showing preserved BBB

permeability. VV remains unchanged with age or with treatment condition.

IV. REPORTABLE OUTCOMES
We have published several abstracts for the Annual Meeting of the Society for
Neuroscience. These abstracts are presented in Appendices C through E. Further, three

manuscripts have been submitted and are attached in Appendices F through H.
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Abstracts:

Appendix C. E. Head, J. Liu, N.W. Milgram, B.A. Muggenburg, B.N. Ames, C.W.
Cotman. Age-associated increases in oxidative damage in the prefrontal cortex in a canine

model of human brain aging. Soc. Neurosci. Abstr., Vol 27, Program No. 651.19, 2001.

Appendix D. J.T. Rick, C.J. Ikeda-Douglas, H. Murphey, B.A. Muggenburg, S. Zicker,
and N.W. Milgram. The effects of experience and antioxidants on size discrimination learning in

the dog. Soc. Neurosci. Abstr. Vol 27, Program No. 101.14, 2001.

Appendix E. M.Y. Su, E. Head, J. Wang, J.Y. Chiou, H. Yu, B.A. Muggenburg, C.W.
Cotman, O. Nalcioglu. Measurements of anatomic and vascular characteristics in the brain of
aging canine with or without environmental enrichment and antioxidant diet, in "Proceedings of
the 9th International Society for Magnetic Resonance in Medicine Annual Meeting, Glasgow,
UK, 2001," p1477.

Manuscripts in submission:

Appendix F. N.W. Milgram, S.C. Zicker, E. Head, B.A. Muggenburg, H. Murphey, C.
Ikeda-Douglas, and C.W. Cotman. Dietary enrichment counteracts age-associated cognitive

dysfunction in canines. Submitted to Neurobiology of Aging.

Appendix G. E. Head, J. Liu, T.M. Hagen, B.A. Muggenburg, N.W. Milgram, B.N. Ames
and C.W. Cotman. Oxidative damage increases with age and f-amyloid deposition in a canine

model of human brain aging. Submitted to the FASEB Journal.

Appendix H. A.D.F. Chan, P.M.D. Nippak, H. Murphey, C.J. Ikeda-Douglas, B.A.
Muggenburg, E. Head, C.W. Cotman, N.W. Milgram. Visuospatial impairments in aged canines:

The role of cognitive-behavioral flexibility. Submitted to Behavioral Brain Research.

V. CONCLUSIONS

The goals for Year 3 were to complete 2 years of intervention in 24 LBERI dogs using four
treatment groups. We have doubled the sample size by including additional dogs (n = 24) from
Hill’s Pet Nutrition that were introduced 6 months after the LBERI dogs. In total, 12 dogs are
serving as controls, 12 are receiving environmental enrichment (physical exercise, play toys,
housing with kennel-mate and additional learning experience), 12 are receiving the diet richin a

broad spectrum of antioxidants and 12 are receiving the combined treatment.
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High levels of vitamin E are being maintained in animals receiving the antioxidant diet.
Plasma measures of oxidative damage to lipids are increased in environmentally enriched dogs
relative to the three other treatment conditions. Plasma measures of AR show no significant
treatment effects, and this may be due to either a lack of effect of the treatments on peripheral
AP levels or these effects will require an additional year to develop. Although visuo-spatial
learning ability was improved in the diet condition, long-term memory for that task was not
significantly improved. This suggests that learning and long-term memory are differentially
sensitive to dietary and environmental intervention. A new complex learning task called size
discrimination learning and a prefrontal-dependent learning task, size reversal, are both sensitive
to experimental manipulation. Size reversal, in particular, shows the first evidence of an additive
effect of environmental enrichment with an antioxidant diet combining to significantly improve
learning in these animals as compared to the other treatment groups. This is the first evidence

that our hypothesis, that the combination would be additive, has been observed.

Results of the interventions on memory ability have been relatively mild. There are
several possible reasons for this finding. One problem is that the tasks to test treatment effects
are proving to be particularly difficult for the aged animals to solve. Second, object recognition
memory showed rapid declines over a 1-year period, which is an exciting finding unto itself but
precludes our ability to detect further intervention improvements. To counteract these
difficulties, we intend to introduce a simpler spatial memory task, one with which we have had
past success, in order to obtain additional data on memory ability in response to intervention.
Ideally, we would like to obtain two measures with this simpler memory task, but the current

study plan prevents this from being possible.

Another aspect to our work was to develop new endpoint markers for anatomical studies to
be completed next year. This aspect has yielded three new markers that may be sensitive to the
dietary treatment effects. These include measures of protein oxidation (protein carbonyl
formation and glutamine synthetase activity) along with measures of oxidative damage to
nucleotides (RNA oxidation). These experiments will now be feasible through strong
collaborations with two groups, one at UC-Berkeley and at the other at the Linus Pauling
Institute at Oregon State University.

The in vivo functional imaging studies have also provided exciting data suggesting that

whereas the control group is showing increased BBB permeability, the treatment groups are

24



ﬂ'?

N

showing a much slower development of this pathology. In addition, the combined treatment
group is showing the least amount of change over the study period to date. These findings
parallel the decreased cognitive abilities of the control dogs and the improved cognitive abilities
of the treatment animals. All of these measures will be put together along with the anatomical

measures obtained at the end of the study to determine significant intercorrelations.

It is increasingly clear as the study proceeds that the addition of a full 3-year evaluation
would be most helpful to strengthen our conclusions regarding the ability of environmental
enrichment, antioxidant diet or the combination of both treatments to promote successful
cognitive aging. The memory studies and the in vivo imaging studies would benefit most from
this additional information. Further, our most dramatic effects on cognitive function to date in
the study have been in using complex learning tasks. Confirming and extending these findings
with a year added to the study would further strengthen our conclusions. All of these additional
measures would contribute significantly to the planned neuroanatomical studies. Nonetheless,
the study has provided exciting new data to sﬁggest that dietary and environmental enrichment

can significantly improve healthy cognitive aging.
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Appendix A. Status of Individual Animals in the Longitudinal Study

Age at Time on Group
Intervention Start of Current Intervention

Dog Date Start Date | Birthdate | Study (yrs) ;. Age (yrs) (yrs) Diet  Environment; Source i Comments
15328 | 10/15/01 | 08/06/99 | 02/09/89 10.38 12.69 231 Aox Control LRRI | On Study
1581S | 10/15/01 @ 09/13/99 : 05/15/91 8.12 10.43 2.31 Aox Control LRRI | On Study
1523B | 10/15/01 i 09/13/99 1 11/26/89 9.58 11.89 2.31 Aox Control LRRI | On Study
1508A | 10/15/01 : 08/06/99 | 02/12/88 11.37 13.68 2.32 Aox Control LRRI | On Study
1509U | 10/15/01 i 08/06/99 :03/03/88 11.31 13.63 2.32 Aox Control LRRI | On Study
1491B : 10/15/01 | 09/13/99 i 05/13/87 12.12 14.44 232 Aox Control LRRI | On Study
1541B | 10/15/01 | 09/03/99 | 05/25/8% 10.09 124 2.31 Aox Enriched | LRRI | On Study
15427 : 10/15/01 | 08/06/99 : 06/03/89 10.07 12.38 231 Aox Enriched : LRRI | On Study
1585A | 10/15/01 . 09/13/99 . 08/29/91 7.83 10.14 2.31 Aox Enriched | LRRI | On Study
IS81T § 10/15/01 i 09/13/99 | 05/15/91 8.12 10.43 2.31 Aox Enriched | LRRI i On Study
15028 © 10/15/01 ;: 08/06/99 : 08/16/87 11.86 14.18 2.32 Aox Enriched | LRRI | On Study
1521B | 10/15/01 | 09/13/99 | 10/06/88 10.72 13.03 2.32 Aox Enriched | LRRI : On Study
1543S | 10/15/01 © 07/18/99  06/04/89 10.06 12.37 2.31 Control ;  Control LRRI : On Study
B2150 | 10/15/01 i 07/18/99 | 11/12/87 11.62 13.93 2.31 Control i  Control LRRI | On Study
1521S | 12/15/00 = 08/15/99  10/06/88 10.72 12.2 1.48 Control ;  Control LRRI | Off Study
1494D | 10/15/01 © 08/15/99 :05/27/87 12.08 14.40 232 Control |  Control LRRI | On Study
1510A | 10/15/01 . 09/13/99 | 03/22/88 11.26 13.58 232 Control ;  Control LRRI | On Study
1508U | 07/26/01 | 08/15/99 02/12/88 11.37 13.46 2.10 Control i  Control LRRI Dead
1529S | 10/15/01 = 07/18/99 : 01/23/89 10.42 “.“12.73 231 Control i Enriched : LRRI : On Study
1523U [ 10/15/01 . 08/15/99 | 11/26/89 9.58 11.89 2.31 Control i Enriched | LRRI | On Study
15428 | 10/15/01 © 07/18/99 : 06/03/89 10.07 12.38 2.31 Control ; Enriched | LRRI | On Study
1506B | 10/15/01 ; 08/15/99 :01/04/88 11.47 13.79 2.32 Control i Enriched | LRRI | On Study
1492B | 11/24/99 : 08/15/99 :05/23/87 12.09 12.52 0.42 Control : Enriched : LRRI Dead
1S18D | 10/15/01 @ 07/18/99 : 09/18/88 10.77 13.08 2.32 Control i Enriched @ LRRI | On Study
D056 : 10/15/01 ;i 01/31/00 : 12/05/88 10.66 12.87 2.21 Aox Control Hills : On Study
D048 | 10/15/01 { 01/31/00 :09/15/88 10.88 13.09 2.21 Aox Control Hills | On Study
D064 : 10/15/01 | 01/31/00 : 08/15/89 9.96 12.18 2.21 Aox Control Hills | On Study
D067 : 10/15/01 : 01/27/00 1 10/01/90 8.83 11.05 2.21 Aox Control Hills | On Study
D081 : 10/15/01 i 02/07/00 |02/23/90 9.44 11.65 2.21 Aox Control Hills | On Study
D082 : 10/15/01 i 01/31/00 : 09/18/91 7.87 10.08 221 Aox Control Hills | On Study
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Appendix A. Status of Individual Animals in the Longitudinal Study (Concluded)

Age at Time on Group
Intervention Start of Current Intervention

Dog Date Start Date | Birthdate | Study (yrs) i Age (yrs) (yrs) Diet : Environment | Source | Comments
D058 : 10/03/00 i 02/07/00  09/20/88 10.87 12.04 1.18 Aox Enriched Hills Dead

D060 | 10/15/01 | 01/31/00 : 09/20/89 9.87 12.08 221 Aox Enriched Hills | On Study
D054 : 10/15/01 | 01/27/00 | 05/15/90 9.22 11.43 2.21 Aox Enriched Hills | On Study
D055 : 10/15/01 = 01/27/00 : 10/16/88 10.79 13.01 2.21 Aox Enriched Hills | On Study
D065  10/15/01 = 01/27/00 | 06/10/89 10.14 12.36 2.21 Aox Enriched Hills = On Study
D075  10/15/01 @ 01/27/00 : 02/08/90 9.48 11.69 2.21 Aox Enriched Hills | On Study
D051 ¢ 10/15/01 @ 01/15/00 : 08/15/89 9.96 12.18 2.21 Control :  Control Hills | On Study
D059 | 10/15/01 : O1/15/00 : 10/06/90 8.82 11.03 221 Control i Control Hills : On Study
D062  10/15/01 . 01/15/00 | 10/01/90 8.83 11.05 2.21 Control i Control Hills | On Study
D063 | 10/15/01 | 01/15/00 | 04/08/90 9.32 11.53 2.21 Control ;  Control Hills | On Study
D066 | 10/15/01 | 11/20/99 . 05/28/90 9.18 11.39 2.21 Control :  Control Hills : On Study
D071 : 10/15/01 i 01/15/00  09/24/89 9.85 12.07 221 Control i Control Hills | On Study
D052 | 10/15/01 | 02/07/00  07/08/88 11.07 13.28 2.21 Control |  Enriched Hills | On Study
D053 10/15/01 i 02/07/00  07/19/91 8.04 10.25 2.21 Control | Enriched Hills = On Study
D080 : 10/15/01 i 02/07/00  08/04/89 9.99 12.21 221 Control |  Enriched Hills i On Study
D074 10/15/01 @ 02/07/00 : 09/26/89 9.85 12.06 221 Control i  Enriched Hills | On Study
D073 | 10/15/01 | 02/07/00  09/21/89 9.86 12.07 2.21 Control |  Enriched Hills | On Study
D072 | 10/15/01 ; 02/07/00  12/26/89 9.60 11.81 2.21 Control i  Enriched Hills | On Study

28




Animal ID
D056
D048
D064
D067
D081
D082
D058
D060
D054
D055
D085
D075
16328
15818
1523B
1508A
1509U
1491B
1541B
1542T
1585A
1581T
15028
1521B

AVERAGE FOR ANTIOXIDANT GROUP PRIOR TO STUDY START

Animal ID
D051
D059
D062
D063
D066
D071
D052
D053
D080
D074
D073
D072
15438
B2150
16218
1494D
1510A
1508U
1529S
1523U
15428
1506B
1492B
1518D

Appendix B. Blood Biochemistry Parameters for Individual Animals

Date

07/31/99
07/31/99
07/30/99
07/30/99
07/31/99
07/31/99
07/31/99
07/31/99
07/31/99
07/31/99
07/30/99
07/31/99
06/25/99
06/25/99
06/25/99
06/23/99
06/23/99
06/23/99
06/25/99
06/25/99
06/25/99
06/25/99
06/23/99
06/23/99

Date

07/31/99
07/31/99
07/30/99
07/30/99
07/30/99
07/30/99
07/31/99
07/31/99
07/31/99
07/30/99
07/30/99
07/30/99
06/25/99
06/25/99
06/23/99
06/23/99
06/23/99
06/23/99
06/25/99
06/25/99
06/25/99
06/23/99
06/23/99
06/23/99

Period
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre

Period
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre
Pre

Birthdate
12/05/88
09/15/88
08/15/89
10/01/90
02/23/90
09/18/91

09/20/88
09/20/89
05/15/90
10/16/88
06/10/89
02/08/90
02/09/89
05/15/91

11/26/89
02/12/88
03/03/88
05/13/87

05/25/89
06/03/89
08/29/91

05/15/91

08/16/87
10/06/88

Birthdate
08/15/89
10/06/90
10/01/90
04/08/90
05/28/90
09/24/89
07/08/88
07/19/91
08/04/89
09/26/89
09/21/89
12/26/89
06/04/89
11/12/87
10/06/88
05/27/87
03/22/88
02/12/88
01/23/89
11/26/89
06/03/89
01/04/88
05/23/87
09/18/88

Age
10.65753425
10.87945205
9.961643836
8.832876712
9.438356164
7.871232877
10.86575342
9.865753425
9.216438356
10.79452055
10.14246575
9.479452055
10.37808219
8.117808219
9.583561644
11.36712329
11.31232877
12.12054795
10.09041096
10.06575342
7.82739726
8.117808219
11.86027397
10.71780822

Age
9.964383562
8.821917808
8.832876712
9.315068493
9.178082192
9.852054795
11.06849315
8.038356164
9.994520548
9.846575342
9.860273973
9.597260274
10.0830137
11.62465753
10.71780822
12.08219178
11.26027397
11.36712329
10.42465753
9.583561644
10.06575342
11.4739726
12.093150868
10.76712329

AVERAGE FOR CONTROL GROUP PRIOR TO STUDY START

29
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t

iet

Environment

mmmmmmoOOoOOOoOOOmMmMMMMMOOOOOO

Environment

mmmmmmoooooommMmmMMMMOOOOOO

Source

rrrrrrrCCFCFCF I I XILILIIIIIIIITDT

Source

FrrrrrrrrCrrCrIITIIILIITXTITIITIII

AST (SGOT)
28

51

22

21

29

32

35

29

19

25

20

24

32

21

18

32

19

27

22

20

27

24

34

29
26.666667
7.2989974
AST (SGOT)
24

23

34

35

22

28

30

29

26

22

36

14

28

27

24

26

34

32

29

32

22

25

27

63
28.833333
8.8743238




Animal ID
D056
D048
D064
D067
D081
D082
D058
D060
D054
D055
D065
D075
15328
15818
1523B
1508A
1500U
1491B
1541B
15427
1585A
16817
15028
1521B

Appendix B. Blood Biochemistry Parameters for Individual Animals

Date

08/23/00
08/23/00
08/23/00
08/23/00
09/06/00
08/23/00
09/06/00
08/23/00
08/23/00
08/29/00
08/29/00
08/23/00
02/09/00
03/21/00
03/21/00
02/09/00
02/09/00
03/21/00
03/21/00
02/08/00
03/21/00
03/21/00
02/09/00
03/21/00

Period
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
05
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
05
05

Birthdate
12/05/88
09/15/88
08/15/89
10/01/90
02/23/90
09/18/91

09/20/88
09/20/89
05/15/90
10/16/88
06/10/89
02/08/90
02/09/89
05/15/91

11/26/89
02/12/88
03/03/88
05/13/87
05/25/89
06/03/89
08/29/91

05/15/91

08/16/87
10/06/88

Age
11.72328767
11.94520548
11.03013699
9.901369863
10.54246575
8.936986301
11.96986301
10.93150685
10.28219178
11.87671233
11.22739726
10.54520548
11.00547945
8.857534247
10.32328767
12
11.94520548
12.86575342
10.83013699
10.69315068
8.567123288
8.857534247
12.49315068
11.4630137

AVERAGE FOR ANTIOXIDANT GROUP AFTER 6 MONTHS ON DIET

AVERAGE FOR ANTIOXIDANT GROUP PRIOR TO STUDY START

Animal ID
D051
D059
D062
D063
D066
D071
D052
D053
D080
D074
D073
D072
15438
B2150
16218
1494D
1510A
1508U
15298
1523V
15428
15068
1492B
1518D

Date

08/29/00
08/06/00
09/06/00
09/06/00
08/29/00
09/06/00
08/29/00
09/06/00
09/06/00
08/23/00
08/29/00
08/29/00
01/25/00
01/25/00
02/16/00
02/16/00
03/21/00
02/16/00
01/25/00
02/16/00
01/25/00
02/16/00
02/16/00
01/25/00

Period
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.50
0.5
0.5
05
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

Birthdate
08/15/89
10/06/90
10/01/90
04/08/90
05/28/90
09/24/89
07/08/88
07/19/91
08/04/89
09/26/89
09/21/89
12/26/89
06/04/89
11/12/87
10/06/88
05/27/87
03/22/88
02/12/88
01/23/89
11/26/89
06/03/89
01/04/88
05/23/87
09/18/88

Age
11.04657534
9.926027397
9.939726027
10.42191781
10.2630137
10.95890411
12.15068493
9.142465753
11.09863014
10.91506849
10.94520548
10.68219178
10.64931507
12.2109589
11.36986301
12.73424658
12.00547945
12.01917808
11.0109589
10.23013699
10.65205479
12.1260274
12.74520548
11.35890411

AVERAGE FOR CONTROL GROUP PRIOR TO STUDY START

30
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Environment
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Environment
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Source

recrrrrcerCcErrrrCr IIIIIXZIIIIIITIT

Source

rrre-~rCcCcrrrrFrr I T I ITIIIIIITIT

AST (SGOT)
30

47

22

19

22

22

30

34

29

24

17

27

25

28

24

35

19

24

27

22

40

25

36

35

27.625
7.2340529
26.666667
7.2989974
AST (SGOT)
26

19

28

26

22

22

32

22

36

22

27

23

19

36

28

29

31

32

28

22

27

24

38
26.913043
5.3759823
28.833333
8.8743238




Animal ID
D056
D048
D064
D067
D081
D082
D056
D060
D054
D055
D065
D075
D070
16328
15818
1523B
1508A
1509V
1491B
1541B
1542T
1585A
16817
15028
1621B

Appendix B. Blood Biochemistry Parameters for Individual Animals

Date

01/30/01
01/30/01
01/30/01
01/30/01
02/06/01
01/30/01
01/30/01
01/30/01
01/30/01
01/30/01
01/30/01
01/30/01
02/06/01
08/22/00
09/20/00
09/20/00
08/22/00
08/22/00
09/20/00
09/20/00
08/22/00
09/19/00
09/19/00
08/22/00
09/19/00

Period

i B e e . JEC UL W W W W U G U G W G G G G S

1

Birthdate
12/05/88
08/15/88
10/15/88
10/01/90
02/23/90
09/18/91

12/05/88
09/20/89
05/15/90
10/15/90
06/10/89
02/08/90
10/25/90
02/09/89
05/15/91

11/26/89
02/12/88
03/03/88
05/13/87
05/25/89
06/03/89
08/29/91

05/15/91

08/16/87

10/06/88

Age
12.16164384
12.46849315
12.30136986
10.33972603
10.96164384
9.375342466
12.16164384
11.36986301
10.72054795
10.30136986
11.64931507
10.98356164
10.29315068
11.53972603
9.35890411
10.82465753
12.53424658
12.47945205
13.36712329
11.33150685
11.22739726
9.065753425
9.356164384
13.02739726
11.96164384

t
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AVERAGE FOR ANTIOXIDANT GROUP AFTER 12 MONTHS ON DIET

AVERAGE FOR ANTIOXIDANT GROUP PRIOR TO STUDY START

Animal ID
D051
D059
D062
D063
D066
D052
D053
D080
D074
D073
D072
15438
B2150
15218
1494D
1510A
1508U
1529S
1523U
15428
1506B
1492B
1518D

AVERAGE FOR CONTROL GROUP AFTER 12 MONTHS ON DIET

AVERAGE FOR CONTROL GROUP PRIOR TO STUDY START

Date

01/30/01
01/31/01
02/06/01
02/06/01
01/31/01
01/31/01
02/06/01
02/06/01
01/31/01
01/31/01
01/31/01
07/24/00
Q07/24/00
08/22/00
08/22/00
09/19/00
08/22/00
07/24/00
08/22/00
07/24/00
08/22/00
08/22/00
07/24/00

Period

P e T Y 0. N N N WOt WK UK G QAL (I G T G G O (T CIE

1

Birthdate
08/15/88
10/06/90
10/01/90
04/08/90
05/28/90
07/15/88
07/15/91
08/04/89
09/26/89
09/21/89
12/26/89
06/04/89
11/12/87
10/06/88
05/27/87
03/22/88
02/12/88
01/23/89
11/26/89
06/03/89
01/04/88
05/23/87
09/18/88

Age
12.46849315
10.32876712
10.35890411
10.84109589
10.68767123
12.55616438
9.57260274
11.51780822
11.35616438
11.36986301
11.10684932
11.14520548
12.70684932
11.88493151
13.24931507
12.50410959
12.53424658
11.50684932
10.74520548
11.14794521
12.64109589
13.26027397
11.85479452
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Environment

mmmmmmoooOoOoOOOoOmMmMMmMMMMOOOOOO0O0

Environment

mmmmmmooooOoOoOommMmMMMMOOOOO

Source

rrrCrrHrCCKCC-rCCP I IIIIIIITXIIITIIITIIT

Source

rr~rrrCrrCrrr~rCIIIIIIIIITITITXI

AST (SGOT)
26

47

20

17

24

31

26

37

29

22

19

17

33

14

23

22

30

18

21

24

21

37

25

28

36

25.88
7.7476878
26.666667
7.2989974
AST (SGOT)
24

18

26

29

25

26

17

29

28

27

24

22

45

22

24

27

32

29

20

29

24

32
26.318182
5.7849259
28.833333
8.8743238




Animal ID
1491B
1508A
1500V
1523B
16328
16818
15028
1521B
1541B
15427
1581T
1585A

Appendix B. Blood Biochemistry Parameters for Individual Animals

Date

03/10/01
02/17/01
02/17/01
03/10/01
02/17/01
03/10/01
02/20/01
03/10/01
03/10/01
02/17/01
03/10/01
03/10/01

Period
15
1.5
1.5
1.5
1.5
1.5
1.5
15
15
1.5
1.5
15

Birthdate
05/13/87
02/12/88
03/03/88
11/26/89
02/09/89
05/15/91
08/16/87
10/06/88
05/25/89
06/03/89
05/15/91
08/29/91

Age
13.83561644
13.02465753
12.96986301
11.29315068
12.03013699
9.82739726
13.5260274
12.43287671
11.8
11.71780822
9.82739726
9.536986301

Diet

A
A
A
A
A
A
A
A
A
A
A
A

AVERAGE FOR ANTIOXIDANT GROUP AFTER 18 MONTHS ON DIET

AVERAGE FOR ANTIOXIDANT GROUP PRIOR TO STUDY START

Animal ID
1494D
1508U
1510A
15218
15438
B2150
1492B
1506B
1518D
1623U
16298
156428

AVERAGE FOR CONTROL GROUP AFTER 18 MONTHS ON DIET

AVERAGE FOR CONTROL GROUP PRIOR TO STUDY START

Date

03/10/01
03/10/01
03/10/01
03/10/01
02/19/01
02/18/01

03/10/01
02/17/01
03/10/01
02/18/01
02/18/01

Period
1.5
1.5
1.5
15
15
15
15
15
15
1.5
1.5
1.5

Birthdate
05/27/87
02/12/88
03/22/88
10/06/88
06/04/89
11/12/87
05/23/87
01/04/88
09/18/88
11/26/89
01/23/89
06/03/89

Age

13.79726027
13.08219178
12.97534247
12.43287671
11.72054795
13.27945205

13.1890411

12.42465753
11.29315068
12.07945205
11.72054795

32

Diet

C
C
Cc
Cc
C
C
C
Cc
Cc
Cc
C
Cc

Environment

mmmmmmooOooOooon

Environment

mmmmmmoOoOoOoOoOoOOon

Source
L

Frrrrrrreererrr

Source

rrrecrrrrrrrr

AST (SGOT)
24

36

23

24

17

24

48

31

28

28

29

42

29.5
8.7230103
26.666667
7.2989974
AST (SGOT)
35

31

27

30

21

41

28

29

27

28

28
20.545455
5.0668262
28.833333
8.8743238




Appendix B. Blood Biochemistry Parameters for Individual Animals

ALT (SGPT) T. BILIRUBIN ALK PHOS GGT TOTAL PROTEIN  ALBUMIN GLOBULIN
40 0.1 226 5 5.2 2.7 25
146 0.1 397 19 6.2 3.3 29
42 0.2 217 2 6.4 3.3 3.1
48 0.1 93 12 6.1 35 26
22 0.1 76 4 6.1 3.6 2.5
42 0.1 354 7 5.9 3.3 2.6
50 0.1 63 2 6.7 3 3.7
38 0.1 136 2 5.7 29 2.8
23 0.1 81 4 57 33 24
26 0.1 58 7 6.2 3.2 3

56 0.1 171 5 71 34 3.7
36 0.1 220 4 59 3.6 23
127 0.1 57 6 6.4 24 4

29 0.3 43 6 54 3.2 22
36 0.3 94 2 6 29 3.1
61 .1 (lipemic) 166 7 5.9 3.1 2.8
17 0.1 : 128 5 57 29 2.8
51 0.1 139 6 5.7 3.1 2.6
38 0.1 78 . 1 . 6.2 3.6 - 2.6
20 0.1 239 1 6.1 3 3.1
31 0.1 68. 1 54 2.8 2.6
49 too lipemic 163 1 - 5.9 3.5 : 2.4
26 .1 (lipemic) 98 ] 6.3 3.2 - 341
36 0.1 43 10 5.7 3.3 24 .
45.41666667 0.123809524 142 5.208333333 5.995833333 3.170833333  2.825
30.47724264 0.062488094 94.32967167  4.107037086 0.422702657 0.30571252 0.462742298
ALT (SGPT) T. BILIRUBIN ALK PHOS GGT TOTAL PROTEIN  ALBUMIN GLOBULIN
38 0.1 265 4 5.7 3.2 25
34 0.1 222 13 6.3 3.6 2.7
29 0.1 99 1 6 3.3 2.7
36 0.1 270 3 6.7 2.6 4.1
31 0.1 125 6 6.1 29 3.2
105 0.1 142 5 6 35 . 25
38 0.1 358 4 54 34 2

46 0.2 140 2 6.7 3.5 3.2
25 0.1 150 2 6.1 3.2 2.9
28 0.2 269 1 5.7 3 2.7
444 0.1 472 24 6.4 3.1 3.3
17 0.1 100 5 6.1 3.1 3

52 0.1 105 1 58 2.8 3

46 0.2 67 7 5.7 3.1 2.6
32 0.1 48 4 5.7 27 -3

45 0.1 85 1 6.2 2.7 3.5
61 0.1 96 3 6.4 3.2 3.2
29 0.2 90 7 6.3 3.2 31
49 0.2 91 1 57 31 2.6
29 0.1 79 3 6.1 31 3

24 0.3 261 6 5.6 2.5 3.1
35 0.1 402 3 6.4 3.2 3.2
22 0.1 74 11 49 23 26
74 0.1 218 5 7 3.1 3.9
57.04166667 0.129166667 176.1666667  5.083333333 6.041666667 3.058333333  2.983333333
84.56048988 0.055003294 115.7548634  5.055489196 0.461487827 0.324260586  0.456514838
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ALT (SGPT)
30

195

27

33

22

24

37

36

24

23

36

31

38

61

32

61

17

41

29

19

39

38

57

36
41.08333333
34.83740702
45.41666667
30.47724264
ALT (SGPT)
37

49

32

33

33

136

37

44

29

31

242

17

63

49

30

50

45

26

52

22

26

35

53

Appendix B. Blood Biochemistry Parameters for Individual Animals

T. BILIRUBIN
0.1
0.2
0.2
0.2
0.1
0.2
0.1
0.2
01
0.1
0.1
0.2
0.3
0.1
0.1
0.3
0.2
0.2
0.2
0.3
0.1
0.1
0.2
0.1
0.166666667
0.070196412
0.123809524
0.062488094
T. BILIRUBIN
0.1
0.2
0.1
0.2
0.1
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.2
0.1
0.2
0.1
0.1
0.2
0.2
0.2
0.1
0.1

0.1

ALK PHOS
275

574

239

97

79

255

66

- 190

89
58
161
125
389
72
91
246
134
187
91
186
100
139
122
60
167.7083333
119.794563
142
94.32967167
ALK PHOS
224
306
84
256
155
243
265
121
158
172
450
163
118
85
78
78
97
53
87
82
239
331

140
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4.833333333
4.546060566
5.208333333
4.107037086
GGT .

1

-
w

o

WO 2NN BAEANOVOPAEAAIAN-O-2 NN W

o -

34

TOTAL PROTEIN ALBUMIN

5.6

6.2

5.9

6.2

6.5

5.9

6.8

6

5.9

6.3

6.4

57

6.2

54

6

6.3

6.3

6

57

6.6

58

6.2

6.7

6
6.108333333
0.350051756
5.995833333
0.422702657

TOTAL PROTEIN

5.9
5.9
5.9
6.7
6

6.2
6.1
7

6.4
54
6.3
6.6
7

6.4
58
6.6
6.7
6.1
6.1
6.4
6

6.5
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A/G RATIO CHOLESTEROL  BUN CREATININE  BUN/CREAT PHOSPORUS CALCIUM
11 264 19 : 1.1 17 4 8.9

1.1 224 14 1 14 43 9.6

11 230 17 1.1 15 4.9 10.4

1.3 214 14 1 14 : 4.1 10.1-

1.4 217 11 1 11 ' 3 10.2

1.3 309 20 0.9 22 3.6 94

0.8 192 11 0.8 14 45 © 95

1 205 13 1.1 12 3.9 9.4

14 186 12 0.9 13 4 9.2

1.1 233 14 1 14 3.2 9.1

0.9 386 12 0.8 15 3.7 10

1.6 191 16 1.2 13 4 9.3

0.6 141 28 1.5 19 48 9.9

1.5 175 7 1 7 3 9.7

0.9 194 13 1.1 12 5.2 10.3

1.1 134 14 : 0.9 16 44 9.5

1 ' 348 15 0.8 19 51 9.9

1.2 205 12 1.3 9 3.9 9.3

1.4 222 16 1 16 5 9.6

1 200 11 0.8 14 42 9.2

1.1 195 13 1 13 47 9

1.5 247 6 0.7 9 54 11.2

1 335 14 0.9 16 : 4.9 9.3

1.4 214 11 0.8 14 4.2 9.1
1.158333333  227.5416667 13.876 0.9875 14.08333333 = 4.25 9.629166667
0.246570682  61.62649005 4.366995784  0.180126767  3.335144436 0.671144383 0.53849966
AJG RATIO CHOLESTEROL BUN CREATININE = BUN/CREAT PHOSPORUS  CALCIUM
1.3 182 10 0.9 11 4.1 9.3

1.3 344 11 0.9 12 4.2 94

1.2 202 16 0.8 20 4.8 10.1

0.6 C 147 17 1.1 15 43 9.7

0.9 173 13 1.2 11 3.7 9.3

1.4 236 9 1 9 25 938

1.7 - 146 13 0.9 14 3.8 9.5

1.1 284 6 0.6 10 3.6 9.3

1.1 212 13 1.1 12 44 - 95

1.1 205 20 1.2 17 54 9.7

0.9 345 12 1 12 45 9.9

1 -239 12 0.9 13 3.6 9.5

0.9 166 10 0.2 11 4.6 94

1.2 162 12 © 0.9 13 33 9.7

0.9 281 12 0.7 17 5.3 9.1

0.8 181 11 0.6 18 4.6 9.8

1 273 15 - 1.1 14 4.6 9.7

1 208 12 0.9 13 3.7 9.6

1.2 162 10 1 10 3.9 9.2

1 155 12 0.9 13 5 9.7

0.8 283 7 0.9 8 34 95

1 242 9 0.7 13 43 9.8

0.9 411 7 0.6 12 4.6 85

0.8 284 15 1.1 14 4.5 - 9.2
1.045833333  230.125 11.83333333  0.9125 13 4.195833333 9.508333333
0.234018146  70.83926233 3.252646637  0.177696615  2.859005604 0.67080689 0.32825847
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